We describe a pragmatic training-of-trainers program for the use of continuous positive airway pressure (CPAP) for neonatal and pediatric patients. The program is designed for medical professionals working in low-and middle-income countries and involves 2 days of in-class training followed by 1 day of in-service training. The program was created after training in Cambodia, Ghana, Honduras, Kenya and Rwanda and addresses the issues of resource availability, cultural context and local buy-in and partnership in low-and middle-income countries. We hope others will use the training program to increase knowledge and use of CPAP with the ultimate goal of improving neonatal and pediatric survival globally.
I N T R O D U C T I O N
Appropriate use of medical devices in resourcelimited settings could improve pediatric health; however, effective processes of training and integration are not well defined [1] [2] [3] [4] [5] . One such medical device is continuous positive airway pressure (CPAP) for neonates and children under 5 years of age with acute respiratory distress. Despite its proven effectiveness [6] [7] [8] , CPAP has not been implemented on a large scale in low-and middle-income countries (LMICs). Special considerations should be taken into account when developing training programs for these settings: resource availability, cultural context and local buy-in and partnership. Here we describe the development of our CPAP training program using a 'Training-of-Trainers' (TOT) model V C The Author [2017] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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T R A I N I N G P A C K A G E D E V E L O P M E N T
The first iteration of the CPAP training curriculum was designed to train nurses at four district hospitals in Ghana (Kintampo, Mampong, Nkoranza and Wenchi) participating in a randomized clinical trial of CPAP in children with respiratory distress [8] . None of the four study hospitals had CPAP machines prior to the trial, and very few nurses were familiar with CPAP. Before the trial commenced, the nurses underwent a single 4-h training session consisting of a short PowerPoint presentation on the physiology of respiratory distress and mechanics of CPAP, a video of CPAP application and small group simulation trainings using a training mannequin led by a pediatric intensivist and two neonatal ICU nurses from the USA. All trainees were required to successfully perform all steps of applying CPAP on the training mannequin. The pediatric intensivist then visited each site once weekly for 4 weeks to review correct application on pediatric patients and to troubleshoot as needed.
At the conclusion of the study, the CPAP machines and ancillary equipment were donated to the hospitals for use in routine clinical care. All of the training materials, including laptop computers with training slides and the training mannequins, were donated to the participating hospitals with the expectation that they would be used to train new nurses.
Despite provision of these training materials, a follow-up study revealed a significant decrease in skills and knowledge levels when comparing nurses who received CPAP training in the course of the trial with those nurses subsequently trained by fellow Ghanaian nurses [10] . Other studies have shown similar drop-off in knowledge between primary and secondary trainers [11] . In an effort to decrease the discrepancy between first and second generations and ensure training fidelity, a pragmatic, multimodality sustainable training platform was designed.
Nursing turnover in LMICs tends to be continuous [12] [13] [14] [15] [16] [17] , making it all the more critical to have a sustainable, effective CPAP training program. With this in mind, the investigators iteratively refined the training materials and the training program itself, based on the specific deficiencies noted in training evaluations and feedback from participants in five different LMICs. The training materials were revised to provide: (i) clear and concise materials for healthcare providers to reference when using CPAP, and (ii) comprehensive information for those providing training. The training program was expanded to include specific TOT methodology, to maintain training fidelity over time.
R E F E R E N C E T R A I N I N G M A T E R I A L S
Based on qualitative and quantitative feedback from trainees, the single most valuable component of the training program is the two-page visual summary tool referred to as the CPAP Quick Guide (Figs 1 and 2 ). The guide was designed to be printed and laminated, then posted on a wall or attached to the CPAP machine, serving to refresh key information that nurses and doctors need when using CPAP. The first page is an illustrated step-by-step guide for the set up and application of CPAP. The guide includes key information such as indications, contraindications, safety monitoring and correct prong sizes for weight. The tool also contains a 7-cm ruler to measure the depth of water needed for bubble CPAP if a physical tape measure is not available.
In addition to the CPAP Quick Guide, a detailed CPAP Diagram was designed to demonstrate a complete setup of CPAP (Fig. 3) . Essential cleaning and maintenance instructions are listed on the back of the CPAP Diagram and in the CPAP Manual.
C O M P R E H E N S I V E T R A I N I N G M A T E R I A L S
The original CPAP PowerPoint presentation was expanded and a CPAP Training Manual was created (see supplemental material). The two tools augment each other, with the manual complementing and expanding on the slide presentation. The slide presentation and the manual are divided into three sections: (i) Background, Introduction to CPAP, Respiratory Distress, Indications and Contraindications; (ii) CPAP mechanics, Choosing the Correct Nasal Prong Size, CPAP Setup, Oxygen and CPAP, CPAP Application; and (iii) CPAP Risks, Monitoring, Discontinuation, Training and Implementing CPAP, References and Appendices. The 67-page manual provides in-depth details about CPAP and is designed for self-directed learning. Images used in the PowerPoint presentation are used throughout the manual to enhance the document and appeal to visual learners.
Focus groups of neonatal and pediatric intensivists and nurses at a US teaching hospital where CPAP is used regularly as standard of care provided feedback on the above training material. The material was reviewed for medical accuracy and suggestions on ways to make it as clear and concise were incorporated. Mock trainings were held with medical and non-medical personnel in the USA to identify missing essential learning points.
T R A I N I N G -O F -T R A I N E R S
The training schedule was designed as a TOT model, with the first day consisting of training instructor candidates how to use CPAP, and a second day involving teaching them how to train others. A third training day was included to introduce the CPAP machines and equipment to the hospital, and to observe the instructor candidates conducting training for their colleagues, and initiating CPAP on a neonatal or pediatric patient in acute respiratory distress under direct supervision of the US team. Details of the training sessions are described below. We maintained a 1:5 teacher-to-student ratio at all times.
Guidance on how to conduct trainings with a focus on the needs of adult learners is included in addition to a sample training schedule in the manual. The manual also contains clinical case scenarios that can be reviewed by the class and skills and knowledge evaluations along with their respective answer keys.
The simulation experience was enhanced by adding additional small group mock training sessions on day 2. Instructor candidates are required to conduct a 30-min mock training session with their classmates who were assigned roles of student or evaluator. The instructor candidate leading the mock training received immediate feedback from the peers, designated evaluator and the US team. Additionally, case-based scenarios can be incorporated in mock training or reviewed as class during the second day of training to reinforce indications, contraindications and prevention of adverse events. A 10-min instructional video was created using visual, audio and written presentation of information (www.youtube.com/watch?v¼3xGSdJwYlnk). The video provides a step-by-step demonstration of how to apply CPAP and reinforces the information contained in the PowerPoint and training manual. The video is narrated by a US pediatric intensive care physician who also demonstrates how to correctly titrate oxygen into the CPAP circuit and ensure the system has been set up correctly. In addition to being a useful tool for instructors, this video can be used for just-in-time refresher training as needed and be recreated using local language and terminology as appropriate to each individual country.
U S E O F T H E T R A I N I N G P A C K A G E
The revised training curriculum has been used in four LMICs over a 3-year period: Cambodia, Honduras, Kenya and Rwanda. A US intensive care nurse and physician delivered or supervised each training session. Day 1 consisted of presenting the three CPAP PowerPoint lectures outlined above. Then, the 10-min instructional video was shown. Next, a 1-h session of simulation training on appropriate set up and application of CPAP was conducted. Following lunch, the instructor candidates completed the skills and knowledge testing.
Day 2 began with the review of test scores and correct answers on the knowledge examination. Then, appropriate use of the training material was reviewed and specific suggestions regarding how to best train others were provided. This was followed by the small group mock training session covering the core components: indications, contraindications, potential adverse events, application, monitoring, cleaning and maintenance.
Qualitative and quantitative feedback was obtained from instructor candidates anonymously after each training session and consensus modifications 
A. B.
Humidify airway -1 drop saline per nare or humidified oxygen
C.
Evaluate nasal septum
E. F.
Open gastric tube -as needed to vent
G.
Obtain vital signs -check respiratory rate and pulse oximetry D. made accordingly, culminating in the products presented here. In total, 104 instructors were trained at 27 different hospitals during this period. Instructors received supportive supervision via a cross-platform mobile messaging app.
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L O C A L C O N T E X T
Several aspects of the local context deserve particular attention when developing or conducting training programs in LMICs. In our experience, the key concepts fall into three categories: (i) resource limitations, (ii) local cultural norms and (iii) local buy-in and partnership. In each country where we trained, these common themes needed to be addressed to maximize our training sessions.
Resources at hospitals in LMIC vary widely and may be different from one week to the next. As many of the training package's modalities require electricity and electronic devices to deliver, contingency plans are critical. All materials should be printed before the sessions to ensure handouts and slides are available should the power go out or a projector is not available. Small class sizes can allow the use of a battery-operated laptop computer to show the PowerPoint slides and training video to the class in case of power failure or no functioning projector. Care should be taken to find an optimal training room. We found the following to be essential to maximize the training experience: adequate space and seating, minimal ambient noise and interruptions, power outlets with adapters as needed, tables for simulation training and ready access to water.
Awareness of cultural norms is essential to develop training programs with local staff. In some countries, instructor candidates are accustomed to receiving compensation for traveling to and attending training sessions, so this must be accounted for in the program's budget. Many instructor candidates felt strongly that a training certificate should be received after completing the training session. Thus, our in-country partners often created 'certificates of participation' to present at completion of the training program. In some countries where multiple languages are spoken, medical translators may be needed, even if English is the official language. We observed that strict hierarchies still exist in some countries, wherein nurses defer to physicians. Program leaders should be aware of this possibility. We chose to have all of our sessions led by a doctor and nurse together.
Strong partnership with the Ministry of Health, local pediatric associations, colleges and local partner organizations is essential to ensure appropriateness and acceptability of the training. The support of the local hospital leadership is important to ensure the training program is sustained on a facility level. Collaboration with hospital leadership is necessary on multiple fronts. First, hospital leadership should help identify excellent instructor candidates. Given the high turnover of staff in LMIC hospitals, it is important to identify instructor candidates who not only enjoy teaching and are passionate and dedicated to improving child survival, but are also likely to remain in the institution for the foreseeable future. Finally, we understand the multiple responsibilities of our instructor candidates and found that hospitals with strong leadership and management skills were able to ensure their instructors were able to attend the entire training session without interruption and also given the authority within the hospital environment to train other doctors and nurses.
C O N C L U S I O N
Here we describe a CPAP training package consisting of a comprehensive PowerPoint presentation, instructor manual, instructive video, simulation training and an illustrated step-by-step guide outlining set up and application of the medical device. Key components of the curriculum include audio, visual and kinesthetic learning methods. The training program is designed to be pragmatic and appropriate for medical professionals working in LMICs. The program is completed over two days of in-class training followed by one day of in-service training.
Training in LMICs requires special attention to resource availability, cultural context and buy-in and partnership from hospital leadership. Obtaining feedback from local medical experts and partner organizations in LMICs ensures high-quality training while remaining pragmatic. Longitudinal follow-up is required to evaluate the effectiveness and sustainability of the CPAP training program and is currently in progress. We hope others will use the training program to increase knowledge and use of CPAP with the ultimate goal of improving neonatal and pediatric survival globally.
